The aim of the research was to evaluate heavy metal contamination, heavy metal sorption capacity and their mobility in the monoliths of the relatively natural and technogenically affected by vehicle emissions Retisol profile. Two objects of the Eutric Albic Stagnic Bathygleyic Glossic Retisol were investigated: 1 st -relatively natural (350 m from motorway) and 2 nd -technogenically affected 20 m from motorway). Total heavy metal amounts in each horizon of the soil profile were determined by flame atomic absorption spectrometry method in the digestate of the HF + HNO 3 + HCl, and mobile heavy metal amounts -in the extract of 1 M CH 3 COONH 4 (pH 4.8). In the relatively natural soil, elevated Pb amounts were observed at the topsoil to 10 cm, and Cu -at the depth to 60 cm while Zn contamination was not observed. While heavy metal contamination of the technogenically affected Retisol was observed throughout the soil profile to one meter. Percentage of the mobile Pb from total amount in the natural and technogenically affected soil was 11.1-19.6% and 16.7-19.3%, Cu -13.0-16.7% and 16.1-19.5%, Zn -18.3-22.5% and 16.4-21.0%, respectively. Special stands of the model columns (1 m height, 0.15 m diameter) were designed and filled up with undisturbed soil monoliths. Heavy metal sorption capacity and mobility both in the soil profile and each horizon were investigated when saturating them with mixture of Pb, Zn and Cu solutions. Heavy metal sorption capacity in the horizons of the Retisol profile varied in the range of 504.40-819.60 mg kg -1 for Pb, 498.27-905.63 mg kg -1 for Cu and 505.07-983.43 mg kg -1 for Zn as well as enrichment factor -27.4-70.8, 36.0-59.5 and 17.5-53.2, respectively. Percentage of the mobile Pb, Cu and Zn in the saturated natural and technogenically affected soil was 40.6-48.2, 40.4-45.7 and 40.7-48.9 %, respectively. Consequently, despite the great heavy metal sorption capacity, their mobility and potential bioavailability increase markedly in the contaminated Retisol, therefore it is important in the legislations of the food safety and agricultural land protection to strengthen measures of the environmental protection at roadsides, such as sanitary zones of at least 20 m.
Introduction
Heavy metal pollution is a serious potential danger for the agricultural lands and environment, therefore great attention of scientists is given to its investigation in Lithuania (Antanaitis, Antanaitis, 2004; Brannval, Spakauskas, 2007; Gregorauskienė, 2012) , European Union (CORDIS, 2012; Werkenthin et al., 2014) and worldwide (Knechtenhofer et al., 2003; Xia et al., 2011) .
Heavy metal bioavailability and environmental impact depend on complicated soil-heavy metal interactions due to soil polydispersity and heterogeneity. A complex of various heavy metal adsorption-desorption processes are running in the soil depending on its properties, heavy metal origin and competitive sorption (Sabienė, 2004; Anagu, 2011; Chotpantarat et al., 2011 a; b; Pokrovsky et al., 2012) , land use (Citeau et al., 2002; Xia et al., 2011) , fertilization, tillage effects, and soil contamination (Antanaitis, Antanaitis, 2004; Brannval, Spakauskas, 2007; Chrastný et al., 2012) as well as heavy metal distribution in the soil profile due to water flow paths (Knechtenhofer et al., 2003; Wehrer, Totsche, 2003; Kirkham, 2014) . Data of the statistical analysis by artificial neural networks using 13 soil properties (clay, silt and sand content, pH, electrical conductivity, organic carbon, iron, manganese and aluminium oxides (FeO x , MnO x and AlO x ), cation exchange capacity, water soluble iron, manganese and aluminium) showed that the most important factor for the heavy metal sorption is soil pH, following organic carbon (only in topsoil samples), clay content, especially for thallium and molybdenum. Influence of the cation exchange capacity varied greatly depending on the soil composition and other factors. Also manganese oxides (MnO x ) had great influence on chromium sorption (Buszewski, Kowalkowski, 2006) .
Heavy metal sorption capacity and mobility in the Retisol profile in relation to the contamination
Important findings were published suggesting that soil-heavy metal interactions vary greatly in the soil horizons due to different morphological features resulting from pedogenetic processes (Citeau et al., 2002; Cornu et al., 2007; Anagu, 2011; Montagne et al., 2013) . Therefore recent investigations of the heavy metal distribution and transport in the soil profile and in the model columns have become of great importance (Wehrer, Totsche, 2003; Markiewicz-Patkowska et al., 2005; Buszewski, Kowalkowski, 2006; Lewis, Sjöstrom, 2010; Chotpantarat et al., 2011 a; b) . However, most of the column experiments were performed in the disturbed soil samples while knowledge about the heavy metal sorption in the undisturbed monoliths of soil profile is very poor.
The aim of the current research was to evaluate the Retisol contamination by heavy metals (Pb, Cu and Zn) and its influence on the heavy metal sorption capacity and mobility in the soil monoliths depending on the distance to the pollution source (motorway). Retisol was chosen because it is one of the most abundant and characteristic types of the soil. It covers 1,446,668.66 km 2 worldwide and about 20.4% of Lithuania's area.
Materials and methods
Experimental site was chosen at the Kryžkalnis crossroad (55°27′39.28″ N, 22°41′05.67″ E) where main lines of the traffic from East to West of Lithuania (highway A1, Minsk-Vilnius-Kaunas-Kryžkalnis-Klaipėda), from North to South of Eastern Europe (highway E77, RygaŠiauliai-Kryžkalnis-Sovetsk-Kaliningrad) cross (Fig. 1 A) .
The experimental site is located at the plain of Samogitian upland with hilly ravine terrain relief in Western Lithuania, where sandy loam and sandy clay loam Retisols are predominant (Fig. 1 B) . The average yearly precipitation amounts to 600-650 mm leading to soil leaching mode. The predominant soil type is automorphic Retisol with weak gleyic features while in the lowest areas of the region the Gleysols and Hystosols occur. Soil cover is of high to medium diversity but contrasting.
Description of the soil profile ( Fig. 1 C) : type -Eutric Albic Stagnic Bathygleyic Glossic Retisol according to the international WRB system (2014). Horizons: Ap (0-37 cm) -surface plough horizon, dark yellowish brown colour (10YR 4/2), medium granular structure, friable sandy clay loam; AElj (37-44 cm) -transitional surface plough -subsurface eluviated (leached) stagnic horizon, greyish brown colour (2.5Y 5/2), medium granular structure, very friable sandy clay loam; ElBtj (44-74 cm) -transitional eluviated stagnic subsoil horizon with some illuviation of clay, greyish brown colour (2.5Y 5/2) coarse subangular blocky, friable structure sandy clay loam; Btj (74-88 cm) -stagnic subsoil horizon with some illuviation of clay, light olive brown colour (2.5Y 5/3), nutty subangular blocky structure, firm sandy clay loam; Bj (88-104 cm) -stagnic weakly expressed subsoil horizon, light olive brown colour (2.5Y 5/3), subangular blocky structure, firm sandy clay loam; BC (g) (104-121 cm) -gleyic transitional subsoil-parent material horizon, light olive grey (5Y 5/2), subangular blocky prismatic structure, firm sandy clay loam. (ГОСТ 26208-91) . Sum of sorbed bases was determined by complexometric titration (Houba et al., 1995) . Data of the soil texture and agrochemical properties are presented in Tables 1 and 2 . Heavy metals were determined using atomic absorption spectrometer M403 (Perkin-Elmer, USA). Ion selective electrodes ("Kritur", the Czech Republic, and "Econics", Russia) were installed into each horizon of the soil profile of the first column for the investigation of the heavy metal sorption dynamics (Fig. 2 B) . Ion metric data of the heavy metal concentrations were controlled in the time periods of 24 hours in the sequence of the increasing concentration from 0.01 to 1.0 g L -1 until the full heavy metal sorption capacity of the soil was reached.
The static heavy metal sorption was investigated in other 2 columns (2 replicates). The fourth column was left as control, and was leached with appropriate amount of deionised water (Fig. 2 C) . Soil monoliths were saturated with solution of the lead (Pb), copper (Cu) and zinc (Zn) acetates. Concentration of each metal in the solution was equal to 1 g L -1 . Velocity of the solution leaching was 1 L per 12 hours. Leachate was sampled each 12 hours for the heavy metal determination. The provision was accepted that soil monoliths were saturated with heavy metal when Pb, Cu and Zn concentrations in leachate became equal to 1 g L -1 each. After that model columns were mounted out and amounts of adsorbed total and mobile heavy metals were determined throughout the soil profile and in each horizon. Adsorbed heavy metal amounts C/C 0 were calculated according to the equation:
where C 0 -heavy metal concentration in the initial solution, 1 mg L -1 ; C leachate -heavy metal concentration in the leachate, mg L -1 ; C control -heavy metal concentration in the leachate of the control column.
Heavy metal sorption capacity was evaluated by enrichment factor (Ef) according to the equation:
where C/C 0 -adsorbed heavy metal amount in the saturated soil, mg kg -1 ; C initial -heavy metal amount in the natural soil before saturation, mg kg -1 . Cu and 4-308 mg kg -1 Zn) according to the data of Xia et al. (2011) and Werkenthin et al. (2014) heavy metal amounts in the topsoil of the Retisol investigated were low. Our findings confirm the Brannvall and Spakauskas (2007) model showing that the highest heavy metal contamination is at the distance of 20 m from roadside. But at the distance of 350 m from roadside we still found elevated Pb and Cu concentrations in upper horizons of the soil profile. It could be due to more distant air transfer of finer particles, long-range transboundary transport of pollutants from Western Europe, also due to greater affinity of Pb and Cu to soil constituents and possibility to accumulate in the topsoil (Podlesakova et al., 2001; Brannvall, Spakauskas, 2007) .
Results and discussion
(1), (2), . Pb sorption capacity ranged from 579 mg kg -1 at the multielemental to 615 mg kg -1 at the single batch sorption experiment in the urban soils enriched with organic residuals (pH 2) while Cu -from 280 to 1059 mg kg -1 , respectively. Zn sorption there was not observed at pH 2. When pH was increased to 7, sorption capacity of zinc increased to 718 mg kg -1 at the multi-elemental, and to 817 mg kg -1 at the single batch sorption experiment (Markiewicz-Patkovska et al., 2005) . The mineral phase (excluding organic matter) of deeply weathered tropical soils in the batch adsorption experiments from multielemental solution depending on pH (4.5-7.4) adsorbed 99.4-993.6 mg kg -1 Pb, 98.6-961.0 mg kg -1 Cu and 20.8-655.2 mg kg -1 Zn, respectively (Fontes, Gomes, 2003 (Podlesakova et al., 2001; Anagu, 2011; Chrastný et al., 2012) . Also water movement in the heterogenic soil profile due to different soil properties has great influence on the heavy metal distribution (Wehrer, Totsche, 2003 ).
In the model columns of the relatively natural (1 st object) Retisol monoliths total heavy metal concentrations decreased evenly throughout the soil profile, while trend of the heavy metal accumulation in the Btj horizon of the technogenically affected soil (2 nd object) was observed. Enrichment factors (Ef) varied from 17.5 for Zn to 70.8 for Pb (Table 4) . It is believed that heavy metal distribution in soil horizons depends on the pedogenetic processes (Podlesakova et al., 2001) . Typical Retisols are characterised by the formation of glosic tongues that involve dispersion and eluviation of clay minerals due to Fe (III) reduction resulting in mobilization of the clay particles (Cornu et al., 2007 (Table 4) . Enrichment factors (Ef) of Pb and Zn were lower and increased within the soil profile from 27.6 to 37.4 and from 18.5 to 25.5, respectively in the model columns of the technogenically affected Retisol monoliths (Table 4, 2 nd object). These findings confirm statements that mobility of heavy metals of the technogenic origin is increased (Chrastný et al., 2012) . Cu sorption was more even and enrichment factor increased in the range 36.7-49.6 showing greater Cu affinity to the soil solids (Podlesakova et al., 2001; Sabienė, 2004; Anagu, 2011) .
Mobile heavy metal amounts in the natural and saturated Retisol monoliths. Amounts of the mobile heavy metals determined in the 1 M CH 3 COONH 4 (pH 4.8) extract in the natural Retisol investigated and their percentages from the total heavy metal amounts are presented in Table 5 . Amounts of the mobile heavy metals in the relatively natural soil (1 st object) were as low as 1.10-2.00 mg kg -1 Pb, and amounted 11.1-19.6% of the total Pb amount; 1.40-3.50 mg kg -1 Cu, and amounted 13.2-16.7% of the total Cu amount; 1.20-3.50 mg kg -1 Zn and amounted 18.3-22.5% of the total Zn amount (Table 5) . Mobility of the heavy metals in the Retisol investigated increased in the order Pb < Cu < Zn. In the technogenically affeted soil (2 nd object) mobile heavy metal amounts were higher: Pb -in average 2.5, Cu -approximately 1.5 and Zn 5 times. These data confirm increased heavy metal mobility in the technogenically contaminated soil (Podlesakova et al., 2001; Chrastný et al., 2012) . But changes of their percentage from total heavy metal amounts were negligible and amounted for Pb, Cu and Zn to 16.7-19.3, 16 .1-19.5 and 16.4-21.0 %, respectively (Table 5 ).
In the saturated Retisol monoliths mobile heavy metal concentrations in the upper Ap (0-10 cm) horizon were in average: (Table 6 ). It is obvious that there were more mobile heavy metals except Zn in the technogenically affected soil. Mobile heavy metal amounts decreased within soil depth in the saturated relatively natural soil (1 st object) and were the least in the Btj horizon, in average: Pb -222.73 mg kg -1 , Cu -212.87 mg kg -1 and Zn -221.67 mg kg -1 while slightly increased in the Bj horizon. The sequence of the mobile heavy metal concentrations decrease (by times) was as follows: Zn (1.91) > Cu (1.63) > Pb (1.58). In the saturated technogenically affected soil (2 nd object) decrease of the mobile heavy metal concentrations within the depth of soil profile was less and almost equal, respectively Pb (1.22) > Zn (1.20) > Cu (1.17). Percentage of the mobile heavy metals from the total adsorbed heavy metal content was in the range of 40.4 to 43.9 in the relatively natural soil (1 st object) while 43.1-48.9 in the technogenically affected soil (2 nd object) (Table 6) .
Similar percentages of the mobile heavy metals from total adsorbed heavy metals content in all horizons of the Retisol investigated lead to suggestion that heavy metal adsorption-desorption equilibrium is governed by the ion exchange process, also their competitive effects rather than other stronger sorption processes, such as chemical sorption (Podlesakova et al., 2001; MarkiewiczPatkowska et al., 2005; Chotpantarat et al., 2011 a) .
Dynamics of the heavy metals sorption in the Retisol monolith. Saturation of the Retisol monolith by heavy metals took 600 hours. Pb sorption was quickest while Zn and Cu was slower and almost equal (Fig. 3 A) .
Cu and Pb were more quickly adsorbed by Ap (0-10 cm), and AElj (39-43 cm) horizons (1-3) timing to 400 hours while slower by ElBtj (56-61 cm) horizon (4) following the Btj (78-83 cm) horizon (5) timing to 600 hours (Fig. 3 B, C) . Zn sorption was slower in all horizons while in Btj (78-83 cm) horizon (5) it began only after 50 hours from the beginning of the heavy metal solution filtration (Fig. 3 D) .
Heavy metal sorption in the soil monoliths was much slower compared to batch experiments where as much as 80% of heavy metals were adsorbed by soil within the first 5 minutes (Markiewicz-Patkowska et al., 2005) . Heavy metal sorption retardation in the soil monolith could be due to peculiarities of the solution filtration through the soil profile (Knechtenhofer et al., 2003) . It is known that water infiltration time is about 2 hours in sandy soils while 200 years in clay soils (Kirkham, 2014) . Therefore solution filtration as well as heavy metal sorption in the deeper, richer in clay horizons ElBtj and Btj was greatly restricted.
Findings of the heavy metal sorption experiment in the model columns of the soil monolith show that heavy metal sorption behaviour is comparable with the data of the batch experiments, but vary more and heavy metal sorption capacity is less (Fontes, Gomes, 2003; Sabienė, 2004; Markiewicz-Patkowska et al., 2005; Usman, 2008; Pokrovsky et al., 2012) . Moreover, in column experiments different behaviour of the heavy metal sorption in different soil horizons is evident. Therefore data of the heavy metal adsorption-desorption processes in model columns of soil monoliths are more related to 6. Full heavy metal sorption in the model columns of the Retisol monolith was timing from 400 to 600 hours in the sequence Pb > Cu~Zn and was slower in the deeper ElBtj and Btj horizons. This means that the heavy metal sorption capacity of the Retisols is limited.
7. Conclusions presented above lead to the suggestion that agricultural land at the motorway can be dangerous for the safe food production due to increased heavy metal amounts and their mobility as well as plant availability. Therefore appropriate protection measures of the agricultural lands, such as roadside sanitary zones of at least 20 m, have to be provided in the environmental legislation. 
